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Field of the Invention 

Should be deleted and the following inserted: 

The field of the invention relates generally to semiconductor devices, and more 
specifically, to fuses. 

Background of the Invention 

Should be deleted and the following inserted: 

•r 

After forming circuitry on a semiconductor device, it is desirable to change the state of 
some circuitry to provide electrical chip identification, customization of function and to 
substitute a spare row or column for a defective element, such as a bit. Typically, creating an 
electrically measured connection, termed a fuse, and attaching it to circuitry that will sense the 
change in state of the electrically measured connection accomplishes this. Fuses can be formed 
from metal lines, which are surrounded by an interlayer dielectric (ILD) and are covered by a 
passivation layer. When it is desired to change the state of the electrically measured connection, 
portions of the fuse are removed in order to create an open. Typically, a portion of the fuse is 
physically severed (blown) by absorbing energy from a laser, superheating, breaking the 
passivation layer and boiling, vaporizing or exploding. Hence, when the fuse is blown, an 
opening is left in the passivation layer leaving the remnant fuse and the underlying and 
surrounding ILD exposed. 

Traditionally, aluminum is used for the metal lines of the semiconductor device. To 
increase the speed at which the semiconductor device operates, aluminum metal lines and 
interconnects are being replaced with copper. However, copper does not form a self-passivation 
layer like aluminum and therefore does not protect any underlying layers from corrosion as the 
aluminum does by the presence of the self -passivation layer. To keep the absence of the self- 
passivation layer from affecting the reliability of the semiconductor device, the copper fuse 
terminates on a refractory metal plug, which prevents corrosion resulting from the exposure to 
the environment of a blown fuse. The presence of the refractory metal plug prevents corrosion 
from spreading to other parts of the semiconductor device. In some cases, the blown copper fuse 
can cause delamination of the ILD and spread to adjacent parts of the semiconductor device, 
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such as another fuse. To prevent delamination and corrosion spreading, a wet acid treatment can 
be used to remove the blown copper fuse, thereby exposing the refractory metal plug, which 
prevents corrosion. However the wet acid treatment is an additional process step that is not cost 
effective when compared to the failure rate of the semiconductor device due to corrosion of the 
blown copper fuses. Therefore, a need exits for a process for forming fuses for semiconductor 
devices with copper metal lines that does not add a costly process step and prevents corrosion of 
the fuses. 

Brief Description of the Drawings 

Should be deleted and the following inserted: 

The present invention is illustrated by way of example and not limited by the 
accompanying figures, in which like references indicate similar elements, and in which: 

FIG. 1 illustrates a cross-section of a portion of a semiconductor device with 
interconnects formed under the passivation layer in accordance with an embodiment of the 
present invention; 

FIG. 2 illustrates FIG. 1 after forming a metal layer over the passivation layer; 
FIG. 3 illustrates FIG. 2 after removing a portion of the metal layer to form a fuse; 
FIG. 4 illustrates FIG. 3 after physically severing the fuse; 

FIG. 5 illustrates the structure of FIG. 3 or 4 in a package having a mold encapsulant in 
accordance with a first embodiment; 

FIG. 6 illustrates the structure of FIG. 3 or 4 after forming a conductive seed layer in a 
flip-chip packaging process in accordance with a second embodiment; 

FIG. 7 illustrates the structure of FIG. 6 after removing the conductive seed layer and at 
least a portion of the patterned metal layer; and 

FIG. 8 illustrates the structure of FIG. 7 in an underfilled package. 

Skilled artisans appreciate that elements in the figures are illustrated for simplicity and 
clarity and have not necessarily been drawn to scale. For example, the dimensions of some of 
the elements in the figures may be exaggerated relative to other elements to help improve the 
understanding of the embodiments of the present invention. 
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Detailed Description of the Drawings 

Should be deleted and the following inserted: 

A semiconductor device includes a semiconductor substrate with a first circuit and a 
second circuit formed therein. The first and second circuits have a first contact area and a second 
contact area, respectively. A fuse, which can be selectively open-circuited, is formed over a 
passivation layer, which is formed over portions of the semiconductor substrate, and under 
packaging materials, such as an underfill and mold compound. The fuse has a third contact area 
which is electrically coupled to the first contact area of the first circuit, and a fourth contact area 
which is electrically coupled to the second contact area of the second circuit so that if the fuse is 
open-circuited, the first contact area of the first circuit and the second contact area of the second 
circuit are no longer electrically connected. The invention is defined by the claims and better 
understood by turning to the figures. 

FIG. 1 illustrates a cross-sectional illustration of a semiconductor device 5 including a 
semiconductor substrate 10, conductive regions 30, interconnects 25 separated by an interlayer 
dielectric (ILD) layer 20, and a passivation layer 35 overlying portions of the ILD layer 20. The 
semiconductor substrate 10 includes a semiconductor layer and circuitry, such as a first circuit 15 
and a second circuit 17 formed within the semiconductor layer and can be silicon, silicon 
germanium, gallium arsenide, the like, and combinations of the above. The circuitry 15 and 17 
can include transistors, resistors, inductors, capacitors, the like, and combinations of the above. 
The first circuit 15 and the second circuit 17 should not be electrically coupled to each other 
within the semiconductor substrate 10, but may be electrically coupled to circuitry not shown. 

The conductive regions 30 are the top most metal layer (last metal layer or last metal line) 
in the semiconductor device and can be any conductive material, such as aluminum, copper, 
tantalum, tungsten, tantalum nitride, tungsten nitride, titanium, titanium nitride, the like and 
combinations of the above, and is preferably copper formed over a tantalum layer. The 
conductive regions are coupled to the first circuit 15 and the second circuit 17 by the 
interconnects 25 at a first contact area 23 and the second contact area 24, respectively. The 
interconnects 25, which can be any material described for the conductive regions 30, are formed 
in one embodiment by depositing the ILD layer 20, etching openings in the ILD layer 20, 
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forming a conductive material within the openings, and planarizing the conductive material, as 
known to one skilled in the art. The interconnects 25 can be trenches or vias. 

The ILD layer 20 can be any insulating material, such as silicon dioxide formed using 
tetraethylorthosilane (TEOS), fluorinated silicon dioxide formed using F-TEOS, a low dielectric 
constant (low-k) material and can be formed by chemical vapor deposition (CVD), physical 
vapor deposition (PVD), the like and combinations of the above. 

The passivation layer 35 is formed over the ILD layer 20 and the conductive regions 30 
to protect the underlying layers from physical handling of the semiconductor device 5, the 
environment (especially humidity), and patterned using conventional means to expose portions 
of the conductive regions 30. In one embodiment, the passivation layer 35 is a stack of about 
0.05 microns of silicon nitride under about 0.45 microns of silicon oxynitride as deposited; any 
other suitable material, such as another nitride material, and any other dimensions can be used. 

After patterning the passivation layer 35, an optional barrier layer 40 and metal layer 45 
are formed over the passivation layer 35 by CVD, PVD, electroplating, electroless plating, 
atomic layer deposition (ALD), the like and combinations of the above, and masked using a 
photoresist layer 50, as shown in FIG. 2. The optional barrier layer 40 can be any conductive 
material, such as refractory metals (tantalum, titanium, tungsten and the like), metal nitrides, and 
refractory metal nitrides (titanium nitride, tantalum nitride, tungsten nitride and the like), and is 
approximately 0.004 microns to 0.055 microns or more preferably 0.05 microns in thickness. In 
an embodiment where the semiconductor device 5 will be assembled in an electroplated bump 
process, the thickness of the optional barrier layer 40 may be approximately 1 micron, but is 
preferably less than approximately 1 micron. The metal layer 45, formed over the optional 
barrier layer 40, can be any self-passivating conductive material and preferably is aluminum. In 
one embodiment, the metal layer 45 is less than approximately 1 micron in thickness. 

As shown in FIG. 3, the photoresist layer 50 is patterned using conventional 
photolithography and etch conditions so that portions of the metal layer 45 and the optional 
barrier layer 40, if present, that are not overlying or between the two conductive regions 30 are 
removed. A chemistry including chlorine can be used. In one embodiment, approximately 0.1 
microns of the passivation layer 35 is also removed due to the etch chemistry chosen. 

The resulting structure is a fuse 43, including the patterned metal layer 47 and the 
patterned optional barrier layer 42, formed over the conductive regions 30, which have a first 
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contact area 3 1 coupled to the fuse 43 and a second contact area 33 coupled to the fuse 43. In 
one embodiment, the fuse is coupled to the first and second circuits 15 and 17 by the conductive 
regions 30 and the interconnects 25 via contact areas 23 and 24. The first circuit 15 and the 
second circuit 17 are electrically coupled to each other only by way of the fuse 43. Therefore, 
the first circuit 15 and the second circuit 17 are at the same electrical potential after forming the 
fuse 43. In one embodiment, the fuse is electrically connected to only the first and second 
circuits and is not electrically connected to anything external to the circuitry. 

It is desirable to have permanent switches activated in order to allow activation and 
deactivation of circuitry, such as redundant memory columns or rows, to mark the semiconductor 
device 5 with a unique identification code, to allow one time programming of circuitry, or the 
like. The switch can be activated or toggled once by physically severing or blowing the fuse 43 
as shown in FIG. 4. 

In one embodiment to blow the fuse, a YLF (yttrium lithium fluoride) laser is pulsed with 
approximately 4 to 13 nanosecond pulse widths and directed at the fuse 43, resulting in a 
physical opening formed in the fuse and exposing the passivation layer 35. Any other suitable 
laser or energy source can be used. In other words, the fuse 43 is severed into two distinct 
portions. The power and spot size of the laser can be adjusted depending on the dimensions of 
the fuse 43, such as thickness and width. In one embodiment, a spot size of 4.5 urn and an 
energy of 1.20 uJ is used for a fuse 43 with a thickness of 1.2 um and a width of 1.2 um. Once 
the fuse 43 is blown, an electrical open (open circuit) is formed and the first circuit 15 and the 
second circuit 17 are not electrically connected and, in one embodiment, are at different 
electrical potentials. Testing to determine if the first circuit 15 and the second circuit 17 have 
changed electrical state may be performed. For example, a simple continuity test measuring the 
ability to pass current from one node to another may be performed. 

The semiconductor device 5 as shown in FIG. 3 or 4 is subsequently packaged after 
forming and blowing the fuse 43, if necessary or desired. The semiconductor device 5 as shown 
in FIG. 3 or 4 can be packaged, in a wirebonded package, such as quad-flat package (QFP), and a 
ball grid array (BGA), a flip-chip package, a stacked package, a multi-chip module (MCM) 
package, combinations of the above, or any other package. 

As shown in FIG. 5, the semiconductor device 5 can be assembled in a package 6 having 
a mold encapsulant 55, such as a wirebonded package. A polyimide layer 52 is formed adjacent 
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to and preferably not in physical contact with the fuse 43. In one embodiment, the polyimide 
layer 52 covers the ends of the fuse 43 over the first contact area 31 and the second contact area 
33 but does not cover the portion of the patterned optional barrier layer 42 between the first 
contact area 31 and the second contact area 33, which is where the laser will be targeted when 
blowing the fuse 43. In one embodiment, the polyimide layer 52 is three times as thick as the 
patterned metal layer 47. From a top view the area of the semiconductor substrate 10 where the 
fuses 43 are present is not covered by the polyimide layer 52. The polyimide layer 52 is used as 
a protective layer during the packaging process. (The area of the substrate where the electrical 
connections, such as a wirebond, are made is not showed in FIG. 5, because it is well known by a 
skilled artisan.) 

A mold compound 55, a packaging material, is formed over the patterned metal layer 47 
and the polyimide layer 52. In one embodiment, the mold compound 55 is formed by flowing a 
viscous (at the temperature the process is being performed, which is usually room temperature) 
encapsulant material over the semiconductor device. The encapsulant material can also be 
injected or formed using a transfer mold process, which involves clamping a package cavity over 
the semiconductor device and flowing the encapsulant material. In one embodiment, to harden 
the viscous encapsulant material the semiconductor device is heated after the viscous encapsulant 
material is flown to decrease the viscosity of the encapsulant material so that the mold 
encapsulant 55 is not viscous at room temperature after being flowed. Generally, the mold 
encapsulant 55 is not formed by photolithography and etching. As shown in FIG. 5, the 
patterned metal layer 47 is in direct contact with the mold compound 55, in one embodiment. 

In packages that do not have a mold encapsulant, the fuse 43 will be in contact with an 
underfill material, another packaging material, in place of the mold compound 55. For example, 
the semiconductor device of Figs. 3 and 4 can be used in a flip chip BGA package. However, if 
the semiconductor device 5 is used in an electroplated bump flip-chip package, the fuse structure 
of both blown and unblown fuse structures may be modified during processing. 

As shown in FIG. 6, to form an electroplated bump flip-chip package 7, a conductive 
seed layer 60 is deposited over the patterned metal layer 47 and the polyimide layer 52 using 
CVD, PVD, ALD, combinations of the above, and the like. In one embodiment, the polyimide 
layer 52 is not formed and the conductive seed layer 60 is deposited on the passivation layer 35. 
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A photoresist layer 65 is formed over the patterned metal layer 47 in order to form a bump in an 
area of the semiconductor substrate 10 that is not shown. 

After forming the bump, the photoresist layer 65 and the conductive seed layer 60 are 
removed as shown in FIG. 7. In one embodiment, while etching the conductive seed layer 60 at 
least portions of the patterned metal layer 47 are removed because the conductive seed layer 60 
is not etched selective to the patterned metal layer 47. In this embodiment, the fuse is the 
patterned barrier layer 42, and, thus, is not optional. Although not shown in FIG. 7, some of the 
patterned metal layer 47 may remain over the patterned barrier layer 42 and thus the fuse 43 may 
include the remaining*patterned metal layer 47 and the patterned barrier layer 42. Alternatively, 
some of the patterned barrier layer 42 may be removed. The thickness of the fuse 43 depends on 
the presence of the optional barrier layer 42 as well as the method of forming the fuse 43. In one 
embodiment, the fuse 43 is at least approximately 0.01 microns. For example, the fuse 43 can be 
approximately 0.02 microns of tantalum. In an embodiment where ALD is used for forming the 
fuse 43, the fuse 43 may be at least approximately 0.0025 microns. Therefore, in one 
embodiment, the process for removing the conductive seed layer 60 is substantially selective to 
the patterned barrier layer 42. 

After removing the conductive seed layer 60, and assembling the semiconductor device 5 
into a flip chip package, an underfill 70 is formed over the fuse 43, which includes the patterned 
barrier layer 42 and may include portions of the patterned metal layer 47. The underfill 70 can 
be formed by dispensing the underfill 70 on one side of the semiconductor device 5 and is drawn 
using capillary action underneath the semiconductor device 5. Generally, the underfill 70 is not 
formed by photolithography and etching. 

Although as shown in FIGs. 1-8, the entire fuse 43 is formed over the passivation layer 
35, the entire fuse 43 or portions of the fuse 43 can be formed within a recess area of the 
passivation layer 35. For example, the passivation layer 35 in FIG. 1 can be etched, after 
patterned, using either one or multiple etch steps in order to form the recess area of the 
passivation layer 35. In one embodiment the passivation layer 35 is not completely removed in 
the recess areas. In other words, a portion of the passivation layer's 35 thickness can be reduced. 
The optional barrier layer 40 and the metal layer 45 can be formed over portions of the 
passivation layer 35 and within the recess area of the passivation layer 35. Processing can 
continue as described above. 
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Forming the fuse over the passivation layer and under the packaging material is 
advantageous because lower power can be used to blow the fuses since the fuse is not covered by 
the passivation layer prior to blowing. Therefore, the laser no longer needs to blow through the 
passivation layer. Additionally, this structure allows for the ability to use a low-k dielectric 
layer, such as a silicon dioxide layer formed using F-TEOS, as the ILD layer because the ILD 
layer will not be exposed to the environment after a fuse is formed. Low-k dielectric layers are 
prone to absorb water molecules when exposed to the environment. The water absorption 
undesirably results in an increased dielectric constant of the low-k dielectric layer and in the 
embodiment where silicon dioxide is formed using F-TEOS, a chemical breakdown of the silicon 
dioxide layer, which adversely affect the performance of the semiconductor device. In the 
embodiment where copper is used for the metal interconnects and lines and the fuse includes 
aluminum, the benefits of copper interconnects and lines is gained without the fuse, if blown, 
oxidizing and the environment substantially altering the material properties of the fuse. In 
addition, the fuse thickness for all generations and all parts can be identical, allowing for the 
parameters of the laser used to blow fuses to not be adjusted. When the fuses are formed using 
the last metal layer, the thickness of the fuse for different generations of parts can vary because 
the last metal layer's thickness often varies. Thus to blow the fuses, engineering and process 
time is needed to adjust the parameters of the laser. Therefore, development time for the fuse 
blowing process can be reduced or eliminated by placing the fuses over the passivation layer. 

In the foregoing specification, the invention has been described with reference to specific 
embodiments. However, one of ordinary skill in the art appreciates that various modifications 
and changes can be made without departing from the scope of the present invention as set forth 
in the claims below. For example, the formation of the interconnects 25 and the conductive 
regions 30 can be formed as part of a dual inlaid or single inlaid integration scheme, although 
both were not described herein. Accordingly, the specification and figures are to be regarded in 
an illustrative rather than a restrictive sense, and all such modifications are intended to be 
included within the scope of present invention. 

Benefits, other advantages, and solutions to problems have been described above with 
regard to specific embodiments. However, the benefits, advantages, solutions to problems, and 
any element(s) that may cause any benefit, advantage, or solution to occur or become more 
pronounced are not to be construed as a critical, required, or essential feature or element of any 
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or all the claims. As used herein, the terms "comprises," "comprising," or any other variation 
thereof, are intended to cover a non-exclusive inclusion, such that a process, method, article, or 
apparatus that comprises a list of elements does not include only those elements but may include 
other elements not expressly listed or inherent to such process, method, article, or apparatus. 
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REMARKS 



The publication, as printed, relates to an antenna device for a mobile communication 
apparatus; however, the invention submitted was for a semiconductor device having a fuse. The 
claims and the drawings as published are related to the semiconductor device having a fuse. 
Therefore, please replace the specifications with the information provided above. 

If you have any questions, please feel free to contact me at (512) 996-6839. 



Respectfully submitted, 

/I 
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